Cvtogenetic abnormalities cases of trisomy 13-15, and in 83 of 84 cases of trisomy 18. In both sets of cases, ventricular septal defect and patent ductus arteriosus were the leading malformations. Atrial septal defect was frequent in trisomy 13-15 but comparatively rare in trisomy 18. In the majority of cases, combinations of anomalies were listed; most often these were ventricular septal defect and patent ductus arteriosus. Among the rarer defects, dextrocardia has been encountered in six of 32 cases of trisomy 13-15.
SUMMARY
In this study the authors attempted to determine the frequency of the classical chromosomal syndromes as a cause of congenital heart disease and sought other cytogenetic abnormalities in patients with congenital heart disease, selected either for the presence of extracardiac abnormalities or the existence of congenital heart disease in other members of the family.
Of the 275 patients whose karyotypes were determined, 119 had a known syndrome. A chromosomal aberration, such as trisomy 21, a sex chromosomal aneuploidy, such as XO, XXY, XYY, XXX, or a more complex mosaic was found in 39. Among the other patients of this group, only a patient with Fanconi's anemia showed abnormalities of the karyotype (numerous chromatid and isochromatid breaks).
Among 100 other patients with unclassifiable associated malformations, 10 had abnormal karyotypes. The following abnormalities were noted: complex structural rearrangements, minute chromosome fragments, variations in size of the satellites, presence of unusual satellites on chromosome 17, deletion of the short arm of a D-chromosome, lengthening of chromosome 16 , and chromosome breaks.
The remaining 56 patients were studied for familial congenital heart disease. Two chromosomal abnormalities were detected in this group.
If the classical aberrations are included, the frequency of chromosomal abnormalities as a cause of congenital heart disease may be estimated at between 3 and 5%. This figure should be considered in relation to the methods of recruitment which excluded all patients less than 3 years of age.
Additional Indexing Words:
Familial heart disease C HROMOSOMAL abnormalities, whether of autosomes or sex chromosomes, are often associated with congenital heart disease. Trisomy 21 is associated with congenital heart disease in about 40% of cases according to Rowe and Uchida,1 with a predominance of left-to-right shunts particularly due to a persistent common atrioventricular canal. Congenital heart disease is even more common in trisomy 13-15 and 18. In a recent review of necropsy reports, Warkany and associates2 noted congenital heart disease in 27 of 32 Figure 1 Case 35. Show.s abnormally long short arm of one of the D-chri-omosornes (nos. [13] [14] [15] .
The "cri du chat" syndrome, due to a deletion of the short arm of chromosome 5, is also often accompanied by cardiac abnormalities. These have been noticed in nine of 33 cases in which known cardiological data were found in a review of 61 reported cases. 4 In Klinefelter's syndrome, congenital heart disease seems to be rare. On the other hand, congenital heart disease is noted in approximately 20% of cases of XO Turner's syndrome.5
Chromosomal abnormalities have also been reported in patients with isolated congenital heart disease.012 In this study we have attempted to determine the frequency of the classical chromosomal syndromes as a cause tients whose chromosomes were examined, 119 had specific syndromes, 100 had unclassifiable deformities, and 56 were studied because of their family history.
Cytogenetic analysis was carried out on leukocyte cultures by a previously described technique.13 A fibroblast culture from fascia or skin biopsy was made in cases in which a mosaic was suspected. In each case, a minimum of 20 mitotic figures were photographed and analyzed.
Results

Chromosomal Studies
Patients with a Known Syndrome
Of 119 patients chosen for chromosomal analysis because their congenital heart disease was associated with a known syndrome, 39 had a chromosomal aberration such as trisomy 21, a sex chromosomal aneuploidy such as XO, XXY, XYY, XXX, or a more complex mosaic (table 1) . Three other patients had minor abnormalities in the karyotype. Their cases follow:
Case 35. An 8-year-old girl with pronounced webbing of the neck, cubitus valgus, and other stigmata of Turner's syndrome, was given the diagnosis of cardiomyopathy.
Barr bodies were present in 35%; of the cells examined in a buccal smear. The karyotype showed a normal sex chromosomal complement. The short arm of chromosomes 13-15 was abnormally long ( fig. 1 ). Sometimes the satellites were quite visible; sometimes they could be confused with the remainder of the short arm. The abnormality was present in all cells studied. Chromosomes 21-22 appeared normal. The parents were not available for study.
Case 65. The 24-year-old patient had mild pulmonary stenosis and male Turner's syndrome. Karyotype analysis showed 46 chromosomes of which one was an X and one a Y chromosome. One chromosome, no. 17, had satellites, while one of the small acrocentric chromosomes resembled chromosomes [19] [20] (fig. 2 ).
This abnormality could be an abnormality of the short arm of chromosome 21 (like that of chromosomes [13] [14] [15] in the previous case) in association with an unusual secondary constriction of the short arm of chromosome 17. Another 889 EMERIT ET AL. 19-20. thleory would be a reciprocal tranislocation between the short arm of chromosome 17 and the short arm of chromosome 21. The abnormality was founid in two consecutive cultLures. The family was unavailable for examination.
Case 68. A 25-year-old patient had aoitic stenosis, patent ductus arteriosuis, and inale Turnier's syndrome. The karyotype included 46 chromosomes and a normal sex chromosome complement. The same chromosomal abnormality as that in case 65 was observed in two leukocyte cultures, but was not visible in all cells studied.
Among the other syndromes mentioned in table 1, only the patient with Fanconi's anemia (case 107) showed abnormalities of the karyotype. Two blood cultures showed a large number of breaks. This case is still under study and will be reported elsewhere. Case 211. An 8-year-old boy had a ventricular septal defect and an associated malformation syndrome resembling that of the first branchial arch. A small acentric fragment was found in 10 of the 14 cells karyotyped ( fig. 4 ). Of the other members of the family, only the mother had been examined. Her karyotype was normal. 891 EMERIT ET AL. 6 ). The break was not found in 35 cells of a fibroblast culture. The mother of this patient had the same cytogenetic abnormality. There were no cousins. A study of this case will be published elsewhere. 15 Case 214. A 21-year-old patient had coarctation of the aorta, mental deficiency, and epilepsy. All of the 35 cells photographed showed deletion of the short arm of one of the D-chromosomes ( fig. 7 ).
Case 215. dextroposition of the aorta, moderate mental deficiency, and pre-auricular fistula). The chromosomal aberration was identical in both boys and also existed in the mother and brother who did not have any malformation.
One of the chromosomes of the C-group resembles in size and centromere position chromosomes 4 or 5 ( fig. 10 ). The abnormal chromosome shows frequently a secondary constriction and has been classified for this reason as a no. 9. It is not believed that the increased length of the long arm is due only to elongation of the secondary constriction. A pericentric inversion may have caused the displacement of the centromere in a C-chromosome, but an anomaly of this sort would not explain how congenital deformities occurred in later generations with apparently the same chromosomal abnormality. Probably a more complex rearrangement caused "aneusomie de recombinaison" during meiosis.
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These problems have been discussed in detail elsewhere. '6 The second chromosomal abnormality (case 223) found in this group is probably a normal variant. In an 8-year-old girl with an atrial septal defect, one chromosome, no. 16, showed increased length ( fig. 11 ). The patient's father, vho also has an atrial septal defect, could not be examined.
Discussion
Among the 275 patients studied, 39 had classical chromosomal abnormality. Sixteen other patients had autosomal abnormalities, some of which have already been noted by other authors in association with congenital heart disease.
The patients with trisomy 21 and Turner's syndrome will not be discussed in detail here as the frequency and nature of congenital heart disease in these syndromes already have been described.1',; 17 In agreement with those of the medical literature, these ceases of trisomy 21 showed a predominance of septal defects (11 of the 18 cases, in two of which a patent ductus arteriosus was associated). Two of our cases were mosaics of normal cells and of trisomy 21. The frequency of cardiac miialformations in these mosaics is about 10% (five of 53 cases from the literature)21 against 40% for trisoimy 21 reported by Rowe and Uchida.l The cases of the Turner-Ullrich syndrome lhave already been the subject of another published article.5 Aortic abnormalities definitely predominate in XO Turner's syndrome, while no pulmonary stenosis was found in association with this chromosomal abnormality. Pulmonary stenosis seems, on the other hand, to be particularly frequent in XX Ullrich's syndrome. Among our male patients with webbing of the neck, 10 had anomalies of the pulmonary artery while four had malfonnations of the aorta or its valves. Most of these patients were prepubertal and had had no testicular biopsy. Therefore, it was not possible to classify them as having either Turner's syndrome with gonadal dysgenesis or Ullrich's syndrome with normal testicular function.
In Klinefelter's syndrome, unlike Turner's syndrome, cardiac malformations seem to be rare. We have encountered one case with associated atrial septal defect and Rohde has reported one with the same heart malformation.10 Two cases with Fallot's tetralogy were reported by Nouaille and Gautier.20 10 patienits with Klinefelter's syndrome with NXXXY karyotype, three had a patent dtuctuis aiteriosus. 22 Apart from the classical chromosomal abnormalities, the following abnormalities were noted: Lengthening of the short arms of chromosomes 13-15 had also been observed by Anders and associates; with a frequency of one case in 156, and by German and associates8'9 in two cases in 35. Giant satellites were noted by Kaindl played a role in one of our patients (case 213) in whom a constant break in a chromosome of the C-group was found in three consecutive cultures. This child had undergone angiocardiography three times in a fairly short time. Furthermore after birth the child had been operated on for an omphalocele. We have also observed the same chromosome break in the father of a child that died after birth from an omphalocele. Only further observations will say whether there is any relationship between this chromosomal abnormality and the appearance of an omphalocele, or whether it is just a coincidence.
Circulation, Volume XXXVI, December 1967 Irradiation may also be the cause of the large abnormal chromosome in the D-group found in four of our patients (cases 216 to 219). One chromosome of the same shape was observed in cells irradiated in vitro.24 Furthermore, de Grouchy and associates25 studied a family in which spina bifida was associated with a partial trisomy by translocation of part of one chromosome of the C-group on the long arm of a chromosome of the D-group. The presence of multiple vertebral abnormalities with spina bifida in three of our cases recalls this observation. However the rarity of cells containing an abnormal chromosome is more in favor of an irradiation effect.
Minute chromosomal fragments like those present in cases 211 and 212 have been observed in blood cultures after irradiation in vivo. 26 This was the case in our patients who had been catheterized for exploration of congenital heart disease.
Certain of the chromosomal abnormalities found in this series could have been acquired and were not responsible for the heart malformation. Others were discovered with a frequency of 3% in normal subjects.27 These abnormalities (variations of satellites and of secondary constrictions, and heteromorphia of chromosome 16) were noted in six of 275 patients studied, that is, 2% which is a figure close to that mentioned above. The hereditary nature of these abnormalities has been confirmed by Court Brown and associates,27 by German and associates,8 9 and by Moores and asso-ciates28 who noted them in patients with congenital heart disease, as well as in persons of the same family without any malformation. The significance of these minor abnormalities of the karyotype is not established at present. It seems premature to deny any relationship between these findings and the appearance of congenital malformations in these families. The hypothesis cannot be excluded that these minor abnormalities may be marker chromosomes favoring the development of chromosomal abnormalities undetected by our techniques.
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Frequency of Chromosomal Abnormalities
It is difficult to estimate the frequency of chromosomal abnormalities in this series of 1,600 patients with congenital heart disease admitted to the hospital because chromosomal analysis was carried out in only about 20%.
With the exception of patients 78, 79, 81, and 88, the classical chromosomal syndromes were already suspected after the clinical examination. It was therefore possible to calculate their frequency among the total number of hospitalized patients. The figure obtained (about 2%) should be considered in relation to the method of recruitment; it is concerned only with congenital heart disease enabling survival to the age of 3 years. The three classical chromosomal abnormalities-trisomy 21, Turner's syndrome XO, and Klinefelter's syndrome XXY-represent only a minority of patients. If one considers the type of congenital heart disease, one could make the following observations: Among the 407 atrial septal defects, only two were due to trisomy 21, three were due to Turner's syndrome XO, and one to Klinefelter's syndrome XXY. Of 313 ventricular septal defects and 195 cases of Fallot's tetralogy, six were due to trisomy 21, and none to Turner's syndrome XO. On the other hand, six of the 160 cases of coarctation of the aorta, and five of 99 cases of aortic stenosis were associated with Turner's syndrome and a sex chromosomal abnormality. None of these congenital malformations of the aorta, however, were associated with trisomy 21.
Cytogenetic analysis was carried out in all cases of familial heart disease. Two abnormalities were discovered in the 48 families that were studied. German and associates8' 9 noted four abnormalities in 35 families, and Anders and associates6 noted no abnormalities in 22 families.
After exclusion of the 119 patients with a known syndrome and the 56 with familial disease from the total of the 275 patients studied, the remaining 100 patients with unclassifiable associated malformations represented 7% of the hospitalized patients (100 of 1,425). Most of them had major malformations according 903 EMERIT ET AL. to the criteria defined in a previous inquiry carried out on 1,000 cases. 29 The frequency of serious malformations in this material was 12%. The cytogenetic examination was thus carried out in about half the patients with at least one associated major anomaly. The frequency of chromosomal abnormalities found in the 100 patients in whom a karyotype was established varied in relation to the criteria adopted. It was 6% if the four cases are excluded in which only a large acrocentric chromosome in a very few cells was found (cases 216 to 219). It is 4% if cases 212 and 215 are also excluded. If the frequency of chromosomal abnornalities was identical in the other half of the patients with major congenital anomalies who were not studied by cytogenetic analysis, and if practically none of the remainder of the patients with isolated heart lesions or with associated minor congenital abnormalities had chromosomal abnormalities, the figure estimated from the total number of patients was about 1% (eight to 12 of 1,425 patients). However, if one presumed that the figure obtained for the group of 100 patients with major congenital anomalies (the karyotype having been determined) was valid for all hospital patients, the frequency would lie between 4 and 6%. The truth must therefore be situated between the two figures, and it is probably closer to 1%.
The frequency of chromosomal abnormality as a cause of congenital heart disease does not seem very high. If the classical aberrations are included, this frequency would be between 3 and 5%. However, it is probable that it would be greater in a series including children of less than 3 years of age, as many chromosomal abnormalities do not allow prolonged survival.
Biologic Determinism
It is not only in their evolution but in their growth and persistence from day to day that organisms have been said to be wildly improbable phenomena. By this is meant, I suppose, that if all the ingredients of the world or the solar system were to be shaken up in a dice box of divine dimensions, the emergence from it of a configuration like an earthworm would be most improbable. How very true! But in the physical circumstances that actually prevail, the growth and maintenance of an organism is the most probable outcome of the events it is taking part in. When I eat a meal, for example, I expect part of it to turn into more of myself. In particular, I shall expect some of it to turn into the chemical substance characteristic of my own blood group, group B. So very highly probable is it that substance B will be formed that a court of law will no longer countenance the possibility of my manufacturing a certain amount of blood group substance A-though substances A and B are almost identical physically and chemically. 
